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THE  ABSTRACT  OP  THE  PINAL  REPORT  NO.  2 


1.  By  ESR  spectra  and  magnetic  susceptibility  measurement, 
the  ferromagnetic  behavior  of  liver  ribosome,  ribosomal  RNA 
and  thymus  DNA  was  studied.  The  results  obtained  strongly 
suggested  that  RNA  and  DNA  of  high  molecular  weight  are 
ferromagnetic  in  themselves  and  hence  they  would  be  so  even 
in  the  ribosomes  or  nuclei. 

2.  In  view  of  the  fact  that  little  attention  has  been  paid  to 
the  brain  microsomes,  some  studies  on  them  were  made.  Using 
the  method  of  isolating  liver  ribosome,  we  could  found  that 
brain  ribosomes  were  also  composed  of  llOo,  80s  and  60s 
component.  Electronmicroscopically ,  they  appeared  very  similar 
to  liver  microsomes. 

5.  Using  ultracentrifugation  in  tlo  c’.;;nsity  gradient  of  sucrose 
subfractionaticn  of  brain  homcgsnate  v.'as  carried  out.  The 
mitochondrial  as  wail  as  the  mrcrcsome  particles  wore  found 
to  contain  some  phyoioj  og-j.call.;'  rctivc  substances  such  as 
ACh,  SP,  Nor  and  5HT.  Crr  clectronmicroscopical  observations 
strongly  suggested,  however,  that  these  substances,  which 
have  been  assumed  as  a  candidate  of  central  transmitter 
hitherto,  were  normally  present  in  the  particles  similar  to  the 
isolated  nerve  ending  described  by  de  Robertis  school.  The 
activity  of  these  substances  recovered  in  the  microsomal 
fraction  seems  to  be  attributed  to  the  microvesiclee  (i.e., 
synaptic  vesicles)  originated  from  the  disrupted  endings. 

4.  According  to  their  stainability  with  OsO. ,  these  endlng-llke 
elements  seem  to  be  classified  Into  two  categories |  ehollnergio  - 
ones  containing  ACh  and  SP  and  non-chollnergic  ones  containing 
Nor  and  5HT.  The  former  is  lighter  and  lightly  stained  with 
OsO^. 
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I.  THE  PURPOSE  OP  THIS  INVESTIOATION 


In  the  first  year  period  of  this  contract,  the  phyelco- 
chemical  properties  of  liver  ribosome  and  Its  RNA  were  chiefly 
studied.  Because  of  the  well-established  method  of  Isolating 
liver  mlcrosomes,  ribosomes  and  RNA,  most  of  studies  on  RNP, 
RNA  or  mlcrosome  have  been  made  on  liver,  little  attention 
being  paid  to  those  of  brain.  Prom  the  physiological  point 
of  view,  however,  the  role  played  by  brain  mlcrosomes  appears 
not  always  to  be  identical  with  liver  ones.  Indeed,  some 
active  substances  such  as  acetylcholine  and  choline  esterase 
have  been  reported  to  be  present  in  the  microsomal  particles 
of  brain  homogenates  (1,  23),  while  some  evidence  for  partici¬ 
pation  of  brain  RNA  to  learning  was  reported  (13).  In  view  of 
such  an  importance  of  microsomal  particles  in  the  brain 
fvinction,  therefore,  our  research  project  in  this  second  year 
period  was  focused  on  the  brain  microsomal  function. 

The  present  report  is  mainly  concerned  with  these  problems: 

1.  Magnetochemical  studies  on  the  RNA  of  high  molecular 
weight  as  a  supplement  to  the  studies  in  the  previous  year. 

2.  Investigation  as  to  whether  we  can  treat  brain  ribosome 
in  the  way  similar  to  that  of  liver  ribosome. 

3.  Studies  on  the  subcellular  unit  (including  mlcrosome) 
of  rabbit  brain. 


II.  EXPERIMENT ALS 


1.  Isolation  bf  rlbssome  and  RNA. 

liver  ribosome  and  its  RNA  were  isolated  by  the  procedure 
same  as  that  described  in  the  previous  report.  The  similar 
procedure  was  also  applied  tc  the  brain  ribosome  with  a  slight 
modification;  more  concentrated  desoxycholate  solution  (15  ^ 
instead  of  5  ^  for  liver  ribosomes)  was  employed  because  of 
its  high  content  of  lipid. 

2.  Physicochemical  measurement  and  chemical  analyses  of 

ribosomes. 

Electrophoretic  and  ultracentrifugal  analyses  were  made 
by  the  methods  quite  similar  to  those  described  in  the  previous 
report. 

For  analyses  of  RNA  and  protein,  the  conventional  method  of 
Littlefield  (17)  and  Lowry  (18)  were  also  employed  respectively. 

3.  Electronmicroscopy. 

Electronmicroscopical  observation  of  brain  ribosomes  were 
also  made  by  the  procedure  for  the  liver  one  described  in  the 
previous  report.  Other  specimens  were  examined  by  the 
conventional  techniques. 

4.  Magnetochemical  measurement  on  ribosome  and  RNA. 

The  static  magnetic  susceptibility , was  measured  with  an 
electromagnet  (field  strength  2  x  10^  Gauss)  auid  a  hand-made 
magnetic  balance  of  pendulum  type  which  was  consist  of  an 
analytical  balance  and  an  electronic  recording  device.  The 
swing  Of  the  balance  arm  was  transformed  into  electrical  poten¬ 
tial  by  a  differential  transformer  and  a  suitable  amplifier, 
which  was  fed  into  an  automatic  recording  system.  By  means 
of  the  balance  thus  constructed,  a  considerably  good  signal; 
noise  ratio  at  the  gain  of  1  dyne/20  cm  deflection  of  recorder 
could  be  obtained  at  the  room  temperature  (22  C). 

For  ESR  studies,  X-band  spectrometer  having  low  voltage 
type  Klystron  (Varlan  V-4500)  or  high  voltage  one  (Tokyo  Denki 
Seiki)  was  employed,  their  field  modulation  frequency  being 
400  and  120  cps  respectively. 
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5‘  Homogenatlon  and  centrifugal  fractionation  of  brain  tl8aue« 

Homogenatlon  and  euboellular  fractionation  of  rabbit  brain 
were  usually  made  as  described  by  Kataoka  (16).  The  crude 
mitochondria  were  further  subfraot donated  by  centrifugation  In 
the  layered  sucrose  solution  of  0.6  -  1.8  M;  This  stepwise 
density  gradient  was  usually  made  up  of  0.32,  0.8,  1.0  1.2,  1.4 
and  1.8  M.  In  some  experiments,  we  tried  to  apply  the  continuous 
density  gradient;  uslz^g  an  apparatus  similar  to  that  reported  by 
Britten  and  Roberts  (7T»  0.8  M  and  1.7  M  sucrose  solution  were 
mixed  under  continuous  stirring.  One  ml  of  crude  mitochondria 
suspended  In  0.8  M  sucrose  was  layered  on  the  top  of  this  density 
gradient.  Such  a  subfraotionatlon  was  made  by  Hitachi  40F  ultra- 
centrlfiige  with  a  swing-bucket  rotor  similar  to  SW  39  of  Splnoo 
Model  at  122000  x  g  for  30  min.  The  5-7  subfractions  were  out 
out  by  a  tube  slicer.  After  washing  with  0.15  M  sucrose,  on 
each  sample  we  made  chemical  and  biological  determinatlo  s  as  ' 
well  as  elect ronmlcroscopical  observation. 

For  subfraotionatlon  of  crude  microsomal  fraction,  stepwise  , 
density  composed  of  0.32,  0.55  and  0.8  M  was  used.  In  some 
experiments,  a  continuous  gradient  (0.32  -  0.8  M)  was  also  used. 

To  obtain  pure  nuclei  of  brain  tissue,  rabbit  brain  was 
homogenated  in  2.2  M  sucrose  solution.  The  homogenate  was  then 
centrifuged  at  108000  x  g  for  60  min.  The  nuclei  thus  obtained 
was  found  to  be  nearly  100  i>  pure.  But  such  a  method  provides 
too  small  amount  of  nuclei  to  isolate  the  nuclear  ribosome.  We  • 
could  not  yet  find  a  suitable  method  of  isolating  pure  nuclei 
which  g?'.ves  a  sufficient  yield  to  isolate  ribosome.  So  we 
applied  tentatively  the  following  procedure;  brain  tissue  was 
homogenated  in  0.25  M  sucrose,  which  was  leiyered  on  0.32  M 
sucrose  in  the  centrifuge  tube,  and  centrifuged  at  900  x  g  for 
10  min.  The  sediment  suspended  in  0.32  M  sucrose  was  again 
layered  on  0.8  M  sucrose  and  centrifuged  at  8000  g  for  20  min. 
Increasing  the  sucrose  concentration  in  the  bottom  of  centrifuge 
tube  to  1.2  and  1.4  M  successively,  such  a  centrifugation  in  the 
density  gradient  was  repeated  at  10000  g  for  30  min.  The  nuclei 
thus  obtained  was  of  about  90  purity  by  microscoploal  examina¬ 
tion.  This  nuclei  was  \ised  for  the  isolation  of  nuclear  ribo¬ 
somes. 

6.  Chemical  and  biological  assay. 

Activity  of  acetylcholine  (ACh)  was  determined  by  bloassay 
on  the  frog's  rectus  muscle,  that  of  serotonine  (5HT)  on  the 
rat's  fundus  (25)  after  aceton  extraction  (  2),  that  of 
substance  P  (SP)  on  the  guinea  pig  ilexan  in  the  presence  of 
atropine,  pyrlbenzamlne  and  5HT  (16). 
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Noradrenalin  (Nor)  waa  determined  by  epectrofluoroaetry  (4), 
succinic  dehydrogenase  by  Schneider-Poxter's  method  (21) •  acid 
phosphatase  by  de  Deuve's  method  (3). 
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III.  BE8ULTS  OmiHES 


1.  Magnetochemical  property  of  the  ribosome  and  Its  rlbonuelslo 

acid. 

a.  B8R  spectra  of  ribosome  and  RNA.  It  has  been  already  ^ 
reported  IS,  b,  i9,  tnat  liHA  ot  high  aoleoular  weight  showed 
a  broad  ESR  spectra  similar  to  that  of  ferronagnstlo  substance. 

If  such  a  ferromagnetic  property  of  SHA  is  ori^natsd  from  its 
molecular  structure,  It  could  be  expected  that  RNA  of  high 
molecular  weight  and  ribosome  containing  it  are  also  ferromagnetic. 
Hence  we  examined  their  magnetochemical  property. 

Indeed,  liver  ribosome  and  RNA  of  high  molecular  weight 
prepared  from  It  showed  a  broad  ESR  spectra  similar  to  that  of 
HNA.  To  exclude  the  contribution  of  Iron  as  a  ferromagnetic 
impurity,  these  samples  were  dialysed  for  several  hours  In  the 
presence  of  EDTA.  Only  the  trace  or  none  of  iron  was  found  in 
the  RNA  scuaple,  while  considerable  amount  of  Iron  could  be 
detected  In  the  ribosome  sample  which  was  hardly  eliminated 
with  a  mild  procedure.  Even  after  dialysis,  RNA  showed  a 
broad  ESR  spectra,  though  It  was  weakened.  Further  experiments 
on  the  ribosome  were  abandoned  because  of  Its  containing 
conslddrable  ferromagnetic  contaminant. 

b.  Static  magnetic  susceptibility  of  RNA.  Such  a  ferromagnetic 
property  of  ^A  was  also  observed  its  nc  measurement  in  spits 
of  lacking  In  hl^  sensitivity  of  eur  hand-made  magnet io  balanes. 

It  was  highest  at  pH  of  about  8  and  markedly  diminished  in  the 
alkaline  media  (pH  above  10).  After  hydrolysis,  it  beoams 
diamagnetic.  Its  ferromagnetic  hehavlor  could  not  be  recovered 

by  neutralyzatlon  of  hydrolysates. 

c.  Effect  of  magnetic  field  on  the  ribosomes.  If  the  magnetic 
properties  of  RNA  Has  a  physiological  significance  in  the  role 

of  ribosomes  as  a  field  of  protein  biosynthesis, strong  magnetic 
field  would  affect  the  rlbosomal  activity  ef  inoorporating 
amino  acids.  Using  liver  riboeomes  and  those  prepared  from  the 
reticulocytes  of  rabbits  made  anemic  by  phenylhydrasine  administ¬ 
ration,  Incorporation  rate  of  C'^’^-leuclne  was  examined  under  the 
field  strength  of  2  x  10^  Qauss,  the  rate  of  incorporation 
decreased  by  about  13-20  )(,  while  this  magnetio  field  showed 
hardly  emy  effect  on  the  oxygen  uptake  of  liver  slice  or  blood 
cell  suspension  determined  polarographioally. 
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2,  Mloroeonts  and  Rlboaoati  of  Rabbit  Brain. 


lx  afgp^gialcrgMoftflij,  .gVllgjllOftt  ^Vhtn  tho  aloroooMl 
fraction  or  rabbit  brain  was  fubrraotionatod  by  oontrlfufatlon 
in  tho  density  gradient ,  tho  lighter  partieles  reaaining  in 
0*92  M  Buorose  appeared  to  be  aainly  ooapoeed  of  saall  eolld 
partiolee  (200  >  Soo  X),  which  are  elnilar  to  free  ribosoaee. 

By  means  of  spraying-shadowing  method  and  negative  staining 
method,  we  confirmed  the  presence  of  particles  quite  similar 
to  purified  liver  ribosome  in  their  apperanoe.  Though  we  oan 
not  exclude  the  possibility  that  they  are  detaohed  from  the 
so-oalled  rough-eurfaoed  retloulum  during  the  homogenatlon 
procedure,  we  soareeely  found  such  free  ribosomes  in  the  liver 
microsomal  fraction.  It  might  be  said,  therefore,  that  in  the 
brain  cells  free  rlbosomal  partiolee  are  present.  Ultraoentrl- 
fugal  analysis  showed,  however,  that  this  subfraotlon  was 
considerably  contaminated  with  substanoee  of  high  molecular 
weight,  probably  proteins. 

With  desoxycholate  treatment,  prufled  ribosome  could  be 
obtained  from  this  subfraction.  Eleotroiunlcrosoopioal  observation 
showed,  however,  that  such  a  purification  procedure  rather 
causes  considerable  deterioration  of  ribosome t  eleotron- 
nlcrographs  of  brain  ribosome  are  not  so  sharp  as  those  of 
liver  ribosome  reported  in  the  previous  report.  Compared  with 
those  of  crude  lighter  particulate  subfraction,  they  were  less 
sharp,  a  fact  suggesting  that  our  purification  procedure  was 
not  adequate  to  Isolate  brain  ribosome. 

The  heavier  subfraction  of  the  brain  mlcrosomes  appeared  to 
be  chiefly  composed  of  membranous  structures  and  mlcroveslcles. 

The  former  might  be  of  endoplasmic  retloulum  origin  (LI).  The 
lightest  particulate  fraction  isolated  from  the  crude  mitochon¬ 
dria  also  resembles  this  subfraction  in  its  appearance.  Mioro- 
veslclee  (900  -  2000  X)  fovind  in  these  fractions  may  be  dis¬ 
integrated  reticulum  or  the  so-oalled  synaptic  vesicle  described 
by  Whittaker  (27). 

b.  Ultraoentriaumal  analysis.  It  was  already  reported  (12, 
24)‘Tbai  the  ribosomes  isolated  from  Escherlolia  Coli  were 
composed  of  100  s,  70  s,  90  s  and  90  s  paurtiolee.  We  also 
reported  in  the  previous  report  that  liver  ribosomes  were 
composed  of  110  s,  80  a,  60  s  and  40  s  component.  It  would  be 
expected  from  the  similarity  of  brain  ribosomes  to  liver  ones 
in  their  sleotronmicrograph,  that  brain  ribosomes  were  also 
composed  of  these  unit  members.  Unfortunately,  as  stated  above, 
our  piurlfied  sample  of  brain  ribosome  was  suffered  from  some 
deterioration  and  so  loolatlon  of  each) component  was  difficult. 

But  ultracentrifugal  pattern  of  our  purified  sample  showed  the 
main  peak  of  60  s  component  with  a  small'  peak  of  about  110  s 
and  60  s  particles,  a  fact  suggestlxig  that  they  are  very 
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(  similar  to  liver  ribosomes.  It  sems  necessary  for  more  aoourate 

analysis  to  prepare  more  Intact  sample  of  brain  ribosome  by 
overcoming  technical  difficulties. 

c.  The  nuclear  rlboeonee.  In  view  of  the  fact  that  nuclei 
play  an  important  role  as  the  very  carrier  of  information  in 
protein  biosynthesis,  investigation  on  the  nuclear  ribosomes 
seems  very  important.  Quite  recently,  a  few  reports  on  them 
began  to  appear  (15,  20,  26).  We  also  tried  to  Isolate  nuclear 
ribosomes  from^ brain.  As  the  first  step,  preparation  of  pure 
nuclei  was  attempted  as  stated  In  the  previous  section.  But 
the  yield  of  nuclei  Is  too  small  to  use  as  the  source  of  nuclear 
ribosomes.  So  we  were  compelled  to  use  the  nuclei  sample 
somewhat  contaminated  with  ether  cellular  components.  Even  with 
this  material.  Isolation  of  ribosomes  was  very  difficult  and 
unsatisfactory,  our  results  obtained  to  date  being  only  that 
the  RNA~rich  particulate  suspension  could  be  prepared  and  trace 
*  of  80  s  component  could  be  detected  by  ultracentrifugal  analysis. 

Electronmicroscopical  observation  failed  to  prove  the  existence 
of  particles  of  typical  ribosomal  structure.  The  further  study 
will  be  made  in  the  next  year  period. 
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i,  Physiological  characterlatlcs  of  mlorosomal  and  mitochondrial 

particles. 

a.  Biological  activity  of  subcellular  units  of  rabhlt  brain. 

Is  stated  a\30ve,  t lie  presence  of  ckoilne  esierase  in  tke 

microsomal  particles  was  already  reported  some  Investigators 
(1,  23).  The  first  detailed  report  on  the  presence  of  a  neuro- 
pharmacologically  active  suhstance,  ACh,  and  3HT  In  the  partlolea 
lighter  than  the  true  mitochondria  was  that  of  Whittaker  (27)i 
who  revealed  hy  centrifugation  in  the  density  gradient  that  ACh 
was  contained  in  a  mlcrovesicular  fraction  lying  between  the 
mitochondrial  and  microsomal  one  (so-called  synaptic  vesicle 
fraction).  We  confirmed  his  results  on  ACh  but  not  on  5HT  (16). 

In  the  course  of  these  experiments,  the  microsomal  particles 
also  contained  considerable  amount  of  ACh,  5HT  and  substance  P 
(SP),  while  they  were  detected  in  the  heavier  particles.  Thence 
we  felt  the  necessity  of  examining  more  thooroughly  physlologloal 
distinction  and/or  significance  of  Whittaker's  synaptic  vesicle 
fraction  and  so-called  brain  microsomal  particles. 

Our  results  obtained  by  the  centrifugal  subfractlonatlon  of 
brain  homogenates  could  be  summarized  as  follows:  Distribution 
of  ACh  and  SP  in  the  crude  mitochondrial  particles  appears  to 
run  parallel  with  each  other,  their  highest  content  being  found 
In  1.0  M  sucrose  solution  and  only  small  amount  of  them  in  1.4  M 
sucrose,  while  highest  amount  of  noradrenalln  (Nor)  and  3HT  was 
found  In  1.23  **  1.4  M  sucrose.  The  maximum  activity  of  SDH, 
a  typical  mitochondrial  enzyme  was  recovered  In  1.2  M  sucrose, 
while  that  of  add  phosphatase,  a  typical  lysosomal  enzyme  In  0.3 
H  sucrose.  The  microsomal  particles,  which  were  recovered  ln¥ 
0.32  M  sucrose,  also  contained  ACh,  SF,  and  3HT  considerably, 
but  only  trace  or  non  of  SDH  activity  could  be  detected  in  them. 

b.  Electronmloroscoploal  observation.  In  the  electron- 
mlcroscopical  specimens  prepared  from  Ach-rich  1.0  M  subfraction 
and  Nor-rich  1.23  M  subfraction,  the  nerve  endlng-like  elements 
reported  by  de  Robertls  group  (7,  8)  or  by  Cray  «md  Whittaker 
(10)  could  be  found  besides  typical  mitochondria  and  other 
numeroua  vesicular  structures.  In  1.4  M  fraction,  aggregation 
of  vesicular  elements  was  marked,  making  their  Identification 
difficult . 

The  ei'iding-like  elements  appear  to  be  of  two  types,  the 
one  being  densely  stained  with  OsO.,  the  other  less  densly 
stained.  At  u  glance  the  former  seemed  to  be  found  in  the 
heavier  particulate  fraction.  We  tried  to  count  such  ending- 
like  vesicles  of  dense  and  less  dense  type  in  the  micrograph 
of  0.8  -  1.2  M  subfractions  obtained  by  the  stepwise  gradient, 
and  we  found  fairly  good  parallelism  between  the  ratios  dense 
type:  less  dense  type  and  Nor:  ACh. 
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SubfPMtlon  type 

0.8  M  0.26  0.85 

1.0  M  0.30  0.31 

1.2  M  1.73  1.70 

Some  of  suoh  endlng-llke  strviotursB,  especially  less  densely 
stained  one,  ware  found  to  enclose  many  microvesieles  (300  - 
800  A),  which  are  similar  to  synaptic  vesicles  described  by 
Gray  and  Whittaker  (10)  or  by  de  Robertis  and  his  coworkers 
(7).  Judging  from  their  appearance,  size  and  enclosed  micro- 
vesicles,  our  ending-like  structures  could  be  said  to  correspond 
to  the  nerve  endings  described  by  these  investigators. 

In  the  crude  microsomal  fraction,  in  which  activity  of 
acetylcholine  and  other  active  substances  were  found ,  numerous 
microvesicles  smllar  to  such  synaptic  vesicles  could  be  electron- 
mlcroscoplcally  observed  besides  larger  vesicular  structures 
(1000  -  3000  A)  and  solid  small  particles  (200  -  500  A).  Their 
nature  has  not  yet  been  identified.  But  it  seems  highly  probable 
that  microvesieles  are  synaptic  vesicles  disrupted  from  the 
endings  and  small  particles  are  free  ribosomes. 
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IV.  COMMENT  ON  THE  RESULTS 


1.  On  the  magneto chemical  property  of  RNA. 

As  stated  above,  LNA  was  reported  to  have  a  broad  ESR  spectra 
(6,  19,  22).  Using  calf  thymus  nuclei  and  SNA  extracted  froB 
them,  we  confirmed  It,  but  the  protein  Isolated  from  thymus 
nuclei  never  showed  such  spectra.  So  our  ESR  observation 
techniques  could  be  said  to  have  no  serious  teohnleal  error 
compared  with  those  of  previous  Investigators.  On  the  other 
hand,  we  could  observe  at  the  same  time  that  rlbosomal  RNA 
of  liver  as  well  as  liver  ribosomes  themselves  provide  S8R 
spectra  similar  to  that  of  SNA.  It  might  be  said,  therefore, 
that  RNA,  a  substance  similar  to  SNA  in  its  structure,  has 
ESR  spectra  quite  similar  to  that  of  SNA  and  it  would  be 
ferromagnetic  if  the  latter  be  so.  Perromagnetio  behavior  of 
RNA  proved  by  our  hand -made  magnetic  balance  provides  a 
ftirther  support  for  this  view.  Hence  behavior  of  ribosome 
would  not  be  imexpected  one,  even  though  iron  contamination  in 
our  ribosome  sample  could  not  be  eliminated  sufficiently. 

If  the  magnetic  property  of  our  RNA  sample  results  from  the 
trace  of  iron  contained,  it  should  originate  from  a  specific 
structure  of  iron  stabilized  on  the  nucleic  acid  molecules,  for 
instance  colloidal  micelle  of  iron  hydroxide,  disappearance 
of  ferromagnetic  behavior  after  hydrolysis  of  RNA  being 
attributed  to  breakdown  of  such  a  micellar  structure.  At  any 
rate,  the  peculiar  magnetic  property  of  RNA  and  SNA  might  be 
said  to  originate  from  their  specific  molecular  or  micellar 
structure,  not  from  their  ferrogagnetlc  contaminant. 

2.  On  the  brain  ribosomes. 

Because  of  high  content  of  lipid  material  in  the  brain 
tissue,  isolation  of  brain  ribosome  was  very  difficult 
conventlcnal  SOC  treatment  was  not  always  successfully  applied 
and  so  we  tried  to  vise  more  concentrated  SOC  (13  ?().  As  stated 
above,  however,  even  such  a  modification  was  not  yet  so  satis¬ 
factory:  considerable  deterioration  was  observed  electronmioro* 
scopically.  The  lighter  subfraction  separated  from  the  crude 
microsomal  fraction  and  not  purified  with  SOC  treatment  appear 
to  provide  for  rather  typical  image  of  ribosomes,  a  fact  sug 
suggesting  that  free  rlbosomal  particles  are  present  in  the 
microsomal  fraction.  In  fact,  ultracentrlfugal  pttem  of  this 
crude  fraction  gave  a  peak  corresponding  to  80  s  particle,  though 
very  small  and  somewhat  hard  to  identify. 

Ultracentrifugal  patterns  of  our  purified  brain  ribosomes 
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were  aleo  unsatisfactory,  only  suggesting  the  presenoe  of  80 
110  s  and  60  s  component.  At  present  it  should  be  oonoludedi 
therefore,  that  purification  procedure  of  liver  ribosome  may  be 
unapplioable.  Since  any  systematic  investigation  on  the  brain 
ribosomes  has  not  yet  been  reported  hitherto,  further  detailed 
experiments  seem  derirable. 

Oxir  attempt  to  Isolate  the  nuclearrlbosome  were  also  failed 
because  of  two  low  yield  of  pure  nuclei  and  difficulty  of 
siolatlng  brain  ribosomes.  Probably  the  brain  tissue  may  be 
not  adequate  as  the  material  for  preparing  nuclear  ribosome, 
thymus  gland  tissue  used  by  Hirsky  group  (20)  seems  better. 

The  further  trial  to  Isolate  nuclear  ribosomes  and  to  oompare 
them  with  cytoplasmic  ones  will  be  made  in  the  next  year 
period. 

3.  Physiological  characteristics  of  microsomal  and  mitochondrial 

particles. 

In  contrast  with  rather  homogeneous  liver  tissue,  brain  is 
morphologically  and  functionally  very  heterogeneous.  So  the 
studies  on  brain  homogenates  harbours  many  complicated  problems 
in  analysing  the  results  obtained.  But  it  is  evident  from 
works  of  previous  investigators  or  our  own,  that  brain  sub- 
cellular  particles  contain  substances  specific  for  neuronal 
function.  In  this  respect,  microsomal  and  mitochondrial 
particulate  fraction  of  brain  homogenate  are  distinctly  dlff 
different  from  those  of  liver. 

Our  aubcellular  fractionation  studies  by  centrifugation 
in  the  density  gradient  clearly  demonstrated  that  acetylcholine, 
substance  P,  noradrenalln  auid  serotonins  are  contained  in  the 
subcellular  unit  of  density  different  from  that  of  typical 
mitochondria  or  lysosomes.  Electronmicroscopical  examination 
should  the  presence  of  nerve  ending-like  structures  in  the 
particulate  subfractions  rich  in  these  active  substances.  It 
seems  worthy  to  note  that  they  are  classified  into  two  types, 
densely  stained  and  less  densely  stained  with  osmic  acid. 
Counting  such  ending-like  elements  in  the  micrographs  of  each 
subfraction,  we  found  that  the  ratio,  dense  type:  less  dense 
type,  runs  parallel  with  that  of  noradrenalln  (or  serotonins) 

:  acetylcholine  (or  substance  P)  in  its  general  trend.  Thou^ 
thln-sectloned  electronmicroscopical  specimen  can  not  always 
considered  as  providing  for  a  sample  of  average  composition, 
such  a  fact  seems  to  suggest  that  noradrenalln  and  serotonins 
are  chiefly  contained  in  the  densely  stained  elements,  acetyl¬ 
choline  and  substance  P  in  the  less  densely  stained  one. 
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Gray  and  Whittaker  (10)  and  de  Robertls  and  hla  oo-workers 
(7)  already  demonstrated  very  fine  electronmicrograph  of  nerve 
endings  Isolated  by  centrifugation  In  a  density  gradient. 

Recently,  de  Robertls  group  (8)  reported  that  the  cholinergic 
and  non-chollnerglc  nerve  ending  could  be  separated  from  each 
other  in  the  brain  homogenates,  the  former  being  lighter  than 
the  latter  and  characterized  by  the  presence  of  aacetylchollne . 

Some  of  our  electronmlcrographs  showed  that  our  ending-like 
structures  also  enclose  small  vesicles  (so-called  synaptic 
vesicles)  as  pinched  off  nerve  ending  of  Gray-Whittaker  or  de 
Robertls.  It  might  be  said,  therefore,  that  our  densly  stained 
elements  correspond  to  the  non-cholinergic.  ending  of  de  Robertls 
group,  while  the  less  densly  stained  are  to  the  cholinergic  one. 

These  nerve  endings  are  to  have  been  pinched  off  from  the 
axons  or  synaptic  sites  during  honogenation  and  remained  without 
further  disruption.  But  it  would  be  naturally  expected  that 
some  of  endings  are  further  disintegrated  by  mechanical  effect  4,  t 
of  homogenization,  their  synaptic  vesicles  being  liberated 
into  surrounding  media.  Taking  their  size  (500  -  800  A)  into 
account,  liberated  synaptic  vesicles  should  be  recovered  in  the 
microsomal  fraction,  when  they  were  subjected  to  the  centrifuga-' 
tion  in  the  density  gradient.  The  appearance  of  acetylcholine 
and  other  active  substances  in  the  microsomal  fraction  would  be 
thus  explained  by  disruptixre  of  nerve  endings  and  liberation 
of  synaptic  vesicles.  Indeed,  microvesicles  similar  to  such  a 
synaptic  vesicle  could  be  found  in  the  crude  microsomal  fraction 
as  already  demonstrated  in  the  pioneer  work  of  Whittaker  (27). 

Of  course,  it  would  not  be  appropriate  that  all  the  bloohemi- 
cally  or  physiologically  active  substances  found  in  the  microsomal 
fraction  originate  from  the  microveslcles  disrupted  from  endings 
or  other  heavier,  larger  particles.  Our  preliminary  observations 
suggest  that  choline  esterase  may  be  of  endoplasmic  reticular 
origin,  while  monoamine  oxydase  activity  found  in  the  crude 
microsomal  fraction  of  brain  appears  to  be  different  from  that  in 
the  crude  mitochondrial  one.  Further  studies  are  needed  to 
clarify  the  plysiologlcal  significance  of  the  microsomal  particles 
of  brain. 

At  any  rate,  it  seems  worthy  to  note  here,  that  the  subcellular 
particles  containing  substances  which  have  been  assumed  as  tnu:..  << 
condidate  of  central  transmitter  hitherto  could  be  classified 
into  two  kinds. 
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